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Abstract. Results are presented of a search for supersymmetric particles decaying into final states with sig- 
nificant missing transverse momentum and exactly two identical flavour leptons (e, n) of opposite charge in 
•^s = 7 TeV collisions at the Large Hadron Collider. This channel is particularly sensitive to supersymmet- 
ric particle cascade decays producing flavour correlated lepton pairs. Flavour uncorrelated backgrounds are 
subtracted using a sample of opposite flavour lepton pair events. Observation of an excess beyond Standard 
Model expectations following this subtraction procedure would offer one of the best routes to measuring 
the masses of supersymmetric particles. In a data sample corresponding to an integrated luminosity of 
35 pb~^ no such excess is observed. Model-independent limits are set on the contribution to these final 
states from new physics and are used to exclude regions of a phenomenological supersymmetric parameter 
space. 
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In this letter the first results are reported of a search 
for the production of supersymmetric (SUSY) [1] parti- 
cles at ATLAS in events with exactly two leptons of iden- 
tical flavour (e or /i) and opposite charge, and signifi- 
cant missing transverse momentum (E^^^^). This signa- 
ture can be generated in SUSY events by the correlated 
production of leptons, for instance via the decay chains 
X2 xle+i- or X2 Xil+e-. Such events of- 

fer one of the best routes to model-independent measure- 
ments of the masses of SUSY particles via end-points in 
the lepton pair invariant mass distribution IHUIEI and so 
are of great interest especially if SUSY is found. The dom- 
inant sources of Standard Model (SM) background gener- 
ally possess equal branching fractions for the production 
of lepton pairs of identical and different flavour, and can 
therefore be removed with a 'flavour subtraction' proce- 
dure [2] in which the observation in the efi channel is sub- 
tracted from that in the ee and fifi channels. Specifically 
targeting this important technique for measuring SUSY 
particle masses, this analysis benefits from reduced sensi- 
tivity to systematic uncertainties in background estimates 
compared with other techniques. The results reported here 
are complementary to those of inclusive SUSY particle 
searches using lepton pairs [5J , and also to those of inclu- 
sive searches requiring jets, E^^^^ and zero leptons [6j or 
one lepton [7j. A search by CMS for SUSY in events with 
lepton pairs is reported in Ref. [S]. 

The ATLAS detector [5] is a multipurpose particle 
physics apparatus with a forward-backward symmetric cylin- 
drical geometry and near An coverage in solid angle The 



inner tracking detector (ID) consists of a silicon pixel de- 
tector, a silicon microstrip detector (SCT), and a tran- 
sition radiation tracker (TRT) which also provides par- 
ticle identification capability. The ID is surrounded by a 
thin superconducting solenoid providing a 2 T magnetic 
field, and by high-granularity liquid-argon (LAr) sampling 
electromagnetic calorimeters. Hadronic coverage is pro- 
vided by an iron-scintillator tile calorimeter in the cen- 
tral rapidity range. The end-cap and forward regions are 
instrumented with LAr calorimetry for both electromag- 
netic and hadronic measurements. The muon spectrome- 
ter (MS) surrounds the calorimeters and consists of three 
large superconducting toroids, a system of precision track- 
ing chambers, and detectors for triggering. 

The pp-collision data used in this analysis were col- 
lected between March and November 2010 at the LHC 
operating at a centre-of-mass energy of 7 TeV. Application 
of basic beam, detector and data-quality requirements re- 
sults in a total integrated luminosity of 35 pb^^. The un- 
certainty on the luminosity is estimated to be 11% [TU] . 
The data have been collected with a single lepton (e or n) 
trigger. The detailed trigger requirements vary through- 
out the data-taking period due to the rapidly increas- 
ing LHC luminosity and the commissioning of the trig- 
ger system, but always have a threshold that ensures a 
trigger efficiency for leptons with transverse momentum 



^ ATLAS uses a right-handed coordinate system with its ori- 
gin at the nominal interaction point (IP) in the centre of the 



detector and the z-axis coinciding with the axis of the beam 
pipe. The x-axis points from the IP to the centre of the LHC 
ring, and the y axis points upward. Cylindrical coordinates 
(r, (j)) are used in the transverse plane, (p being the azimuthal 
angle around the beam pipe. The pseudorapidity is defined in 
terms of the polar angle 6 as r] = — lntan(6'/2). 
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Pt > 20 GeV at the plateau. The efRciency of the triggers 
is studied with data, and agrees well with expectations. 

Monte Carlo (MC) simulated event samples are used 
to develop and validate the analysis procedure and to esti- 
mate the residual SM backgrounds following flavour sub- 
traction. Samples of QCD jet events are generated with 
PYTHIA [11] , using the MRST2007L0* modified leading-order 
parton distribution functions (PDF) [T^], which are used 
with all leading-order (LO) MC codes. Production of top 
quark pairs is simulated with MCONLO [T31IT4] (with a top 
quark mass of 172.5 GeV) and the next-to-leading order 
(NLO) PDF set CTEQ6.6 [H], which is used with all NLO 
MC codes. Samples of W and Z/7* production with ac- 
companying jets are produced with ALPGEN [16j. Diboson 
{WW, WZ, ZZ) production is simulated with HERWIG [13 
[T8] . single top production with MCONLO 19','20], and Drell- 
Yan with PYTHIA. Fragmentation and hadronization for 
the ALPGEN and MCONLD samples are performed with HERWIG, 
using JIMMY j21J for the underlying event. The MC sam- 
ples are produced using the ATLAS MC09 parameter tune 
[22] and a GEANT4 [23] based detector simulation [24]. 

Criteria for electron and muon identification closely 
follow those described in Ref. [53] . Candidate electrons are 
required to pass "tight" electron selection criteria and iso- 
lation requirements, and have pt > 20 GeV and \r]\ < 2 AT. 
Identified electrons are used to select events for both the 
signal region of the analysis and control regions used to 
estimate backgrounds. "Medium" electron selection crite- 
ria are mainly based on lateral shower shape requirements 
in the calorimeter, while E/p (where E is the shower en- 
ergy in the calorimeter and p the track momentum in the 
ID) and TRT cuts are applied for the tight electron se- 
lection, which provides additional rejection against con- 
versions and fakes from hadrons. The electron isolation 
criteria require that the total transverse energy within 
a cone size AR = y/{AriY + {A(j)Y = 0.2 around the 
electron, is less than 0.15 of the electron pT- Events are 
always vetoed if a medium electron is found in the tran- 
sition region between the barrel and end-cap electromag- 
netic calorimeter, 1.37 < |?7| < 1.52. Muons are required 
to be identified either in both the ID and MS systems 
(combined muons) or as a match between an extrapo- 
lated ID track and one or more track segments in the 
MS. The ID track is required to have at least one pixel 
hit, more than five SCT hits, and a number of TRT hits 
that varies with 77. For combined muons, a good match 
between ID and MS tracks is required, and the val- 
ues measured by these two systems must be compati- 
ble within the resolution. Isolation requirements are im- 
posed, whereby the summed of other ID tracks above 
500 MeV within a distance AR < 0.2 around the muon 
track is required to be less than 1.8 GeV. Only muons 
with pt > 20 GeV and \?]\ < 2.4 are considered. For the 
final selection, the distance between the z coordinate of 
the primary vertex and that of the extrapolated muon 
track at the point of closest approach to the primary ver- 
tex must be less than 10 mm. Jets are reconstructed using 
the anti-fcj jet clustering algorithm [5B] with a distance 
parameter D = 0.4. The inputs to this algorithm are clus- 



ters of calorimeter cells seeded by cells with energy sig- 
nificantly above the measured noise. Jets are constructed 
by performing a four-vector sum over these clusters, treat- 
ing each cluster as an {E,p) four- vector with zero mass. 
Jets are corrected for calorimeter non-compensation, ma- 
terial and other effects using p^- and 77-dependent calibra- 
tion factors obtained from Monte Carlo and validated with 
test-beam and collision-data studies [27 . Only jets with 
Pt > 20 GeV and \ri\ < 2.5 are considered. If a jet and 
a medium electron are both identified within a distance 
AR < 0.2 of each other, the jet is discarded. Furthermore, 
identified medium electrons or muons are only considered 
if they satisfy AR > 0.4 with respect to the closest re- 
maining jet. Events are discarded if they contain any jet 
failing basic quality selection criteria, which rejects detec- 
tor noise and non-collision backgrounds ,28J. The calcula- 
tion of the missing transverse momentum, E'™"''^, is based 
on the modulus of the vector sum of the of the re- 
constructed objects (jets with p^ > 20 GcV, but over the 
full calorimeter coverage I77I < 4.9, and selected leptons), 
any additional non-isolated muons, and the calorimeter 
clusters not belonging to reconstructed objects. 

"Signal region" events that contain lepton pairs of iden- 
tical fiavour {e~^e~ and fi''^ and different fiavour (e^/x^) 
are selected, with the two populations subsequently used 
to calculate the excess of identical flavour events. Selected 
events must contain exactly two opposite sign leptons (e 
or ^), with invariant mass (m«) greater than 5 GeV. 
The E^''''' must exceed 100 GeV in order to reject SM 
Z-fjets events whilst maintaining efficiency for a range 
of SUSY models. Events must also possess at least one 
reconstructed primary vertex with at least five associated 
tracks. A flavour subtraction is performed through the use 
of the quantity S defined as 

^ ^ jV(e±eT) iV(e^M^) /3N{^^^^^^) 

/?(1 - (1 - r,)2) 1 - (1 - r,)(l - r,) (1 - (1 - r,)^) ' 

(1) 

which measures the excess of identical-flavour events (first 
and third terms) over different-flavour events (second term) , 
taking into account the electron and muon plateau trig- 
ger efficiencies {t^ and r^) and the ratio of electron to 
muon efRciency times acceptance (/3). The trigger efficien- 
cies for offline reconstructed objects are Tg =(98.5±1.1)% 
and =(83.7±1.9)% respectively, while /3 is determined 
from data to be 0.69±0.03, with the quoted errors includ- 
ing both systematic and statistical uncertainties. 

The value of S obtained from selected identical-flavour 
and different-flavour lepton SM events is expected to be 
small but non-zero, due primarily to Z/j* boson produc- 
tion. The contributions to S expected from SM processes 
are estimated using a combination of Monte Carlo simula- 
tion and data-driven techniques. Contributions from single 
top and diboson events are estimated using the MC sam- 
ples described above, scaled to the luminosity of the data 
sample. Contributions from Z/7*-|-jets, ti and events con- 
taining fake leptons (from QCD jets and VF-l-jets events) 
are estimated using MC samples normalised to data in 
an appropriate control region. The Z/j* control region 
contains lepton pair events satisfying the same selection 
criteria as the signal region but with E^^^^ < 20 GeV and 
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an additional 81 < mu < 101 GeV requirement. The ti 
control region [5] contains "top-tagged" lepton pair events 
again satisfying the same selection criteria as signal candi- 
dates but with 60 < £'t '^'^ < 80 GeV and an additional re- 
quirement of > 2 jets with px > 20 GeV. The top-tagging 
requirement is imposed through the use of the variable 
TOcT IH], which can be calculated from the four- vectors 
of the selected jets and leptons: 



.(2) 

where Vi can be a lepton, a jet, or a lepton-jet combina- 
tion, transverse momentum vectors are denoted by px and 
transverse energies Et are defined as Et = \/v\ + 
This quantity is bounded from above by analytical func- 
tions of the top quark and W masses as described in 
Ref. ISnj. Top-tagged events are required to possess mcx 
values calculated from combinations of jets and leptons 
consistent with the expected bounds from ti events, as 
well as lepton-jet invariant mass values consistent with top 
quark decays. An electron control region for fake lepton 
events requires events to possess E^^^^ < 60 GeV, A(\) be- 
tween the E^^^^ vector and a jet < 0.1 and an electron with 
Pt > 30 GeV. A single muon control region for fake lepton 
events requires events to possess E^^^^ < 30 GeV, a muon 
with pt < 40 GeV and a transverse mass rriTip,, £'™'^^) < 
30 GeV. The electron and muon identification criteria are 
relaxed, to obtain a 'looser' sample dominated by fakes. 
A loose-tight matrix method is then used to estimate the 
number of events with fake leptons in the signal region 
after final selection criteria. This method, which uses the 
probabilities derived from data for loosely selected leptons 
and hadrons to satisfy the tight selection criteria to predict 
the mixture of real and fake leptons in the final sample, is 
similar to that described in Ref. [31] . The dominant uncer- 
tainties in the data-normalised background estimates arise 
from limited numbers of events in the control regions, the- 
oretical uncertainties (including choice of generator, initial 
and final state radiation), an approximate ~ ±7% jet en- 
ergy scale uncertainty |32| and an approximate ~ 14% 
jet energy resolution uncertainty [33j . The latter uncer- 
tainties affect the shapes of the MC E^^^^ distributions. 
Uncertainties on backgrounds estimated solely with MC 
are dominated by the jet energy scale and resolution. 

The invariant mass distributions of lepton pairs in se- 
lected data events, prior to applying the E^^^^ require- 
ment, are presented in Figure [T] weighted by the multi- 
plicative factors in Equation[l]to yield the identical flavour 
and different flavour contributions to S. After applying 
the > 100 GeV requirement 4, 13 and 13 events 

are observed in the e^e^, e^/i^ and /i*/^^ channels re- 
spectively. The expected numbers of events in these chan- 
nels, determined using the techniques described above, 
are listed in Table [T] and are in reasonable agreement 
(within statistical and systematic uncertainties) with the 
observations. The dominant contribution to each channel 
arises from tt production. Using the observed numbers of 
events in each channel together with the measured values 
of Te, and 13, the observed value of S is found to be 
S^ks = 1.98±0.15(/3)±0.02(re)±0.06(T^), where the un- 



Table 1. Expected numbers of SM background events in the 
signal region for each of the three lepton flavour combinations. 
The estimates are obtained using the procedures described in 
the text. The quoted error includes systematic and statistical 
uncertainties. The negative number of fakes predicted in the 
11^ channel is an artifact of the matrix method used to esti- 



mate this contribution. In the 'Total SM' 
in this channel is taken to be zero. 
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0.40±0.46 
0.30±0.11 
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0.13±0.09 
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6.91±2.20 



> 
o 



• Data2010(\6 = 7TeVr 

o Different Flavour 
— Standard Model 
HZ+jets, WZ, ZZ 

□ tf, t, WW 

□ W+jets 

□ Dijets 



O 
Q 




250 300 
m„ [GeV] 



Fig. 1. Invariant mass distribution of identical flavour lep- 
ton pairs prior to applying the E^^^^ requirement, weighted 
by the acceptance and efflciency factors as in Equation [l] The 
stacked histograms show the expected distributions from MC 
samples normalised to the luminosity of the data. The band 
indicates the uncertainty on the expectation from finite statis- 
tics, cross section, luminosity, jet and lepton energy scales and 
resolutions. Also shown is the observed distribution for dif- 
ferent flavour pairs, weighted according to Equation [l] In the 
region with mu < 100 GeV, the dominant contributions to 
the different flavour data events are expected to come from tt, 
QCD and Z/7*-|-jets events. 
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Fig. 2. Distribution of observed 5 values from one million hy- 
pothetical signal-free experiments. The shape is driven by sta- 
tistical Poisson fluctuations in the expected rates of identical 
flavour and different flavour events, dominated by ti events. 



certainties are those from the respective efficiency param- 
eters. The expected mean value of S from SM background 
events alone is Sb — 2.06±0.79{stat.)±0.78{sys.), in good 
agreement with the observation. The dominant contribu- 
tions to St are from Z/7*-t-jets and diboson processes. The 
dominant contributions from ti events to the individual 
channels largely cancel when calculating S, as expected. 
The tt population nevertheless has a significant impact 
on this analysis because the range of observed S values 
expected from a large number of hypothetical signal-free 
experiments is dominated by statistical fiuctuations in the 
numbers of selected tt events in each channel. 

To quantify the consistency between the oberved S 
value and the SM prediction the expected distribution of 
Sb in the absence of new physics must be determined. This 
distribution possesses a mean given by Sb and a width 
dominated by statistical fiuctuations in the numbers of 
events observed in each channel. The distribution can be 
determined by generating pseudo-experiments using the 
estimated mean numbers of background events from Ta- 
ble[T]as input. For each pseudo-experiment the mean num- 
ber of background events in each channel and from each 
source are sampled, taking appropriate account of corre- 
lations between the uncertainties in the estimates of these 
means. The resulting total mean number of background 
events in each channel is then used to construct a Poisson 
distribution from which the observed number of events in 
that channel is drawn. The resulting sampled event counts 
in each channel are then used with Equation[T] taking care 
also to sample values of re, and /3 according to their 
means and uncertainties, to determine a value of Sb- The 
distribution of Sb values obtained in this way is used to 
estimate the probability of observing a value of S at least 
as large as Sobs- 

The distribution of S values obtained from one million 
signal-free experiments using this procedure is shown in 



Figure [2j The shape of the distribution is dominated by 
statistical fluctuations in the numbers of events in each 
channel, with the uncertainty on Sb being negligible by 
comparison. The probability of observing a value of S at 
least as large as Sobs is 49.7% and hence no evidence of an 
excess of identical flavour events beyond SM expectations 
is observed. 

Limits are set on Ss, the mean contribution to S from 
new physics. The statistical procedure employed follows 
that used to determine the consistency of the observed 
value of S with the background expectation. The pseudo- 
experiments are modified by adding signal event contri- 
butions to the input mean numbers of background events 
in each channel. An assumption must be made regard- 
ing the relative branching ratio of new physics events into 
identical fiavour and different fiavour channels, as adding 
flavour uncorrelated new physics contributions to the iden- 
tical flavour and different flavour channels increases the 
width of the S distribution. Given such an assumption, a 
model-independent limit can be set on Ss by comparing 
Sobs with the distribution of S values obtained from the 
new set of signal-plus-background pseudo-experiments. 

If the assumption is made that the branching fractions 
for e^e^ and fM^ fJ.^ final states in new physics events are 
identical, and the branching fraction for e^^^ final states 
is zero, a limit Ss < 8.8 is set at 95% confidence level. Al- 
ternatively, if new physics events are assumed to possess 
a different fiavour branching fraction of one half that for 
identical fiavour events, then the limit becomes Ss < 12.6 
at 95% confidence. The limits are driven by the statistical 
fiuctuations in S, rather than systematic and statistical 
uncertainties in Sb and in the variance of the Sb distribu- 
tion. 

A similar procedure can be used to set limits within 
a specific new physics parameter space. In this case the 
mean numbers of signal events added to each channel are 
sampled according to the expectations from each point in 
the parameter space of the model together with the un- 
certainties in these expectations. The fraction of resulting 
pseudo-experiments with S < Sobs gives the probability 
of the signal plus background hypothesis being falsely re- 
jected. If the probability of being falsely rejected is < 5%, 
the point is excluded at 95% confidence. 

As an example, two-dimensional grids in the param- 
eter space of a 24 parameter MSSM model [M] are con- 
sidered (to be referred to as 'MSSM PhenoGrid2'). The 
24 parameter MSSM is a generic MSSM on which flavour 
and CP violation have been imposed. For these grids the 
following parameters are fixed: tua — 1000 GeV, /i = 
1.5 min(TOg, mq), tan/3 = 4, At=fJ./ tan /3, Ab = /i tan/3, 
and Ai = fi tan /3. The masses of the 3'"'^ generation sfermions 
are set to 2 TeV, and common squark mass and slepton 
mass parameters are assumed for the first two generations. 
Two grids in the rrig — niq plane are studied: one with a 
compressed spectrum yielding a soft final state kinemat- 
ics, defined by m^o ~ M — 50 GeV, m^o = M — 150 
GeV and mr = M — 100 GcV, where M is the minimum 
of the gluino and squark mass ('compressed spectrum'); 
and one with a very light LSP, yielding a harder spec- 
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Fig. 3. Observed and expected 95% CL. exclusion limits in 
the rrig — plane for 24-parameter MSSM models. 
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M. Praternali^^^'^'i^^^, S. Fratina^^o^ g rp prench^^, 

R. FroeschP^, D. Froidcvaux^*^, J. A. Frost^'', 

C. Fukunaga^^^, E. FuUana Torregrosa^'-', J. Fuster^^'^, 

C. Gabaldon^s, O. Gabizoni^i, T. Gadfort^^, 

S. Gadomski49, G. Gagliardi™''^'"^"''. P. Gagnon6i, 

C. Galca^s, E.J. Gallas"^ M.V. Gallas^^, V. Galloi^, 

B. J. Gallopi29, p. Gallusi25^ E. Galyaev^", K.K. Gan^os, 
Y.S. Gaoi43,e^ v.A. Gapienko^^s^ a. Gaponenko^^, 

F. Garberson^'^^, M. Garcia-Sciveres^*, C. GarciV^'^, 
J.E. Garcia Navarro^^, R.W. Gardner^", N. Garelli^s, 
H. Garitaonandia^"'^, V. Garonnc^*^, J. Garvey^^, 

C. Gatti''^ G. Gaudio"^^, O. Gaumcr^^ B. Gaur^^S 
L. Gauthieri36, i.l. Gavrilenko^", C. Gayl6^ 

G. Gaycken^o, J-C. Gayde^^, E.N. Gazis^, P. Ge32d, 
C.N.P. Goci29, D.A.A. Geertsl°^ Ch. Geich-Gimbcl^", 
K. Gellerstedt"6a.i46b^ q Gemme^O'^, A. Gemmell^^^ 
M.H. Genest^s, S. Gentilei32a,i32b^ M George^^, 

S. Gcorgc^e^ P. Gcrlach"4^ A. Gershoni^s, 

C. Geweniger^sa^ jj Ghazlane^^sb^ p. Ghez^, 

N. Ghodbane33, B. Giacobbei^*^, S. Giagui32a,i32b^ 



V. Giakoumopoulou* , V. Giangiobbe^22a,i22b^ 

F. Gianotti29, B. Gibbard^^, A. Gibson^^s, 

S.M. Gibson^s, G.F. Gieraltowski^, L.M. Gilbertll^ 
M. Gilchricsc", V. Gilcwsky^^, D. Gillbcrg^s, 
A.R. Gillmani29, D.M. Gingrich^.'', J. Ginzburg^^s, 
N. Giokaris«, R. Giordanoi02a,i02b^ pj^/j Giorgil^ 
P. Giovannini^^, P.F. Giraud^e, D. Giugni^s^, 
P. Giustii9% B.K. Gjelsten"^ L.K. Gladilin^^ 
C. Glasman^o, J. Glatzer^s, A. Glazov^i, 
K.W. Glitza^^^^ Q L. Glonti^^ J. Godfrey^^^^^ 
J. Godlewski29, M. Goebel^S T. G6pfert4^ 

C. Gocringcr^i, C. Gossling^^, T. G6ttfert9^ 
S. Goldfarb^^, D. Goldin^^, T. Gollingi^^, 

S.N. Golovniai28, A. Gomesi24a,f'^ l.S. Gomez Fajardo-^S 
R. Gongalo'^^, J. Goncalves Pinto Firmino Da Costa''^, 
L. Gonella^o, A. Gonidec^^, S. Gonzalez^^^ S. Gonzalez 
dc la Hozi67, M.L. Gonzalez Silva^^, 
S. Gonzalez-Sevilla"*^, J.J. Goodson^"'*, L. Goossens^^, 
P.A. Gorbounov9^ H.A. Gordon^^, I. Gorelovl°^ 

G. Gorfine"4^ B. Gorini^^, E. Gorini72a,72b^ 

A. Gorisek'^'', E. Gornicki^^, S.A. Gorokhov^^s^ 
V.N. Goryachevi28, B. Gosdzik^i, M. Gosselinkio^^ 
M.L Gostkin^s, M. Gouanere^, L Gough Eschrichi^s^ 
M. Gouighri^^sa^ d. Goajdami^^Sc^ m.P. Goulette*^, 
A.G. Goussioul■''^ C. Goy4, I. Grabowska-Bold^^^,/^ 
V. Grabskii^e^ P. Grafstr^m^^, C. Grah"^^ 
K-J. Grahn^'*'^, F. Grancagnolo''^'^, S. Grancagnolo^"'', 
V. Grassi"8, V. Gratchcyi^i, N. Grau^^, H.M. Gray^^, 
J.A. Grayi^^ E. Graziani"4a^ q.G. Grebenyuki^i, 

D. Greenfieldi29, T. Greenshaw^^ Z.D. Greenwood^^-^', 
LM. Gregor^i, P. Grenier^s, e. Griesmayer^^^ 

J. Griffiths^^s, N. Grigalashvili^s, A. A. Grillo^^^, 

S. Grinstein", P.L.Y. Gris'''-\ Y.V. Grishkevich^^, 

J.-F. Grivaz"^ J. Grognuz^^, M. Groh^^, E. Gross"\ 

J. Grosse-Knetter^^, J. Groth-Jensen^^ M. Gruwe^^, 

K. Grybel"!, V.J. Guarino^, D. Guest^^s^ 

C. Guiclieney33, A. Guida^2a.72b^ rj. GujUgj^in^, 

S. Guindon^^^ H. Guler^^''^, J. Guntheri^s, R. Guo^^^, 

J. Guo34, A. Gupta^o, Y. Gusakov^^^ V.N. Gushchini^s, 

A. Gutierrez^^, P. Gutierrez^^^ N. Guttman^^^, 

O. Gutzwilleri^2_ q Guyot^^e, C. Gwenlan^^^ 

G. B. Gwilliam^^^ A. Haas"3, S. Haas^^, C. Haber", 
R. Hackenburg24, H.K. Hadavand^^, D.R. Hadleyi^, 
P. Hacfner^s, F. Hahn^^ S. Haider^^ Z. Hajduk^s, 

H. Hakobyani^^ J. Hallcr^^^ Hamaeher"^^ 

P. Hanial"3^ A. Hamilton's, S. Hamilton^si, H. Han32a, 

L. Han32b, K. Hanagaki"^, m. Hance^^o^ q Handel^i, 

P. Hanke^^*^, C.J. Hanseni^s, j.R. Hansen^^, 

J.B. Hansen^^, J.D. Hansen^^, P.H. Hansen^^, 

P. Hanssoni43, K. Hara^so, G.A. Hare^^^, 

T. Harenbcrgi'^'^, D. Harper^'^, R.D. Harrington^! , 

O.M. Harrisi38, K. Harrison^'', J. Hartert4^ 

F. Hartjesi°5, T. Haruyama'^^, A. Harvey^^, 

S. Hasegawa"'^'^^, Y. Hasegawa^*", S. Hassani^'^^, 

M. Hatches, D. HaufP^, S. Haugi^, M. Hauscliild^s, 

R. Hauser^*, M. Havranek^o, B.M. Hawesll^ 

CM. Hawkesi^ R.J. Hawkings^^, D. Hawkins^'^^, 

T. Hayakawa'5^ D Hayden^^ H.S. Hayward^^^ 

S.J. Haywoodi29, E. Hazen^i, M. He^^d, S.J. Head^^, 



10 



The ATLAS Collaboration: Search for events with an identical flavour lepton pair and E^^"^ at ATLAS 



V. Hedberg^^, L. Hcclan^, S. Hcim**^, B. Hcinemann-^^, 

S. Heisterkamp35, L. Helary'^, M. Heldmann'^s , 

M. Hellerll^ S. Hellman"6a,i46b^ q Helsens", 

R.C.W. Hcndcrson^i, M. Hcnkc^**^, A. Hcnrichs^^, 

A.M. Henriques Correia^^, S. Henrot-Versille^^^, 

F. Henry-Couannier83, C. Hensel^*, T. Henfi^^^, 

Y. Hernandez Jimenez^^^, R. Herrberg^^, 

A.D. Hershenhorn^^^, G. Herten''^, R. Hertenberger^* , 

L. Hervas29, N.R Hesseyl°^ A. Hidvegi"*^^, 

E. Hig6n-Rodriguezi67, D. HiU^'*, J.C. HilP^, N. Bill^, 

K.H. Hiller^i, S. Hillert^o, S.J. Hillieri^ I. Hinchliffe^^, 

E. Hincsi20, M. Hiroseii^ F. Hirsch'*2, D. Hirschbuehli^^, 
J. Hobbsi48^ N. Hodi5-\ M.C. Hodgkinsoni39, 

P. Hodgsoni39, A. Hoocker^s, M.R. Hoeferkanipi^^^ 
J. Hoffmanns, D. Hoffmann^^, M. Hohlfeld^^ 
M. Holderi^i, A. Holmesll^ S.O. Holmgreni^^a^ 
T. Holyi27^ j.L. Holzbaucr«^ Y. Homma^^, 
L. Hooft van Huysduynen^°®, T. Horazdovsky^^'^, 

C. Horni^3^ S. Horner^^ K. Horton"^ J-Y. Hostachy5^ 
S. Houisi, M.A. Houldcn^3^ A. Hoummadai^^*, 

J. Howarth^^ D.F. Howell"^ I. Hristova 

J. Hrivnac"^ I. Hruskai^s, T. Hryn'ova^, P.J. Hsul^^ 

S.-C. Hsu", G.S. Huang"\ Z. Hubacek^^^, f. Hubaut^^, 

F. Hucgging20, T.B. HufFmani^^, E.W. Hughes^", 

G. Hughcs^i, R.E. Hughos-Joncs«2^ M. Huhtinen^^, 
P. Hursts'^, M. Hurwitz", U. Husemann^\ 

N. Huseynov*55'', J. Huston^s^ J. Huth^^ 

G. Iacobuccii°2a^ q lakovidis^, M. Ibbotson*^^^ 

I. Ibragimov^'*^, R. Ichimiya®^, L. Iconomidou-Fayard^^"'', 
J. Idarraga"'\ M. Idzik^^, P. icngoi"2a,i02b^ 

O. Igonkinal°^ Y. Ikegami^^ M. Ikeno^^ Y. Ilchenko^^, 

D. Iliadisi^^, D. Imbault^^ M. Imhaeuser^^^, 

M. Imoriiss^ T. Ince^o, J. Inigo-Golfin^s, P. loannou^, 
M. Iodicei34a^ q. lonescu"*, A. Irles Quilesi'^^, K. Ishii^e, 

A. Ishikawa^'^, M. Ishino^^, R. Ishmukhametov^^, 

C. Issever"8, S. Istini8% Y. ltoh^°\ A.V. Ivashini^s, 
W. Iwanski^s, H. Iwasaki'^^ J.M. Izen^", V. Izzo^o^a^ 

B. Jacksoni20^ j.N. Jackson^'\ P. Jackson"^^ 

M.R. Jaekeps, V. Jain^i, K. Jakobs^^^^ S. Jakobsen^s, 
J. Jakubek^^y^ p Jana"\ E. Jankowskil5^ 

E. Jansen'''', A. Jantsch^^, M. Janus^", G. Jarlskog''^, 
L. Jeanty", K. Jelen^^, L Jen-La Plante^o, P. Jenni^^, 
A. Jeremie*, P. Jez^s, S. Jezequel"^, M.K. Jha^"'', 

H. Ji"^, W. Ji^i, J. Jiai48, Y. Jiang32b, 

M. Jimenez Belenguer''^ G. Jin-''^!^, S. Jin^^a^ 

O. Jinnouchi^^'^, M.D. Joergensen''*'^, D. Joffe^^, 

L.G. Johansen^^^ M. Johansen^^a.ueb^ 

K.E. Johanssoni46a^ p Johansson^^s, S. Johnert*\ 

K.A. Johns^, K. Jon-And^^^a.Meb^ q Jones^^^ 

R.W.L. Jones^i, T.W. Jones^^ T.J. Jones^^^ 

O. Jonsson^'', C. Jorani^^, P.M. Jorgei24a,6^ j_ Joseph", 

X. Jui30, V. Juraneki25, p. Jussel^^, 

V.V. Kabachenkoi28, S. Kabanal^ M. Kacil6^ 

A. Kaczrnarska^s, P. Kadlccik^^ M. Kado"^, 

H. Kagani09, M. Kagan^^, S. Kaiser^^, 

E. Kajomovitz^^^^ g Kalinin^''^, L.V. Kalinovskaya^^, 

S. Kama3^ N. Kanaya^^^ M. Kanedai^^^ T. Kanno^^^, 

V.A. Kantserov^'5, J. Kanzaki'^'', B. Kaplan^'^^, 

A. Kapliy^o, J. Kaplon^s, D. Kar4^ M. Karagoz"^ 



M. Karnevskiy'*-'^ , K. Karr^, V. Kartvelishvili^-'^ , 
A.N. Karyukhini28, L. Kashifi^^ A. Kasmi^^, 
R.D. Kass^°'', A. Kastanas^^, M. Kataoka^, 
Y. Kataokai'^^ E. Katsoufis^, J. Katzy'*!, V. Kaushik^, 
K. Kawagoe'''', T. Kawamoto^^^, G. Kawamura*"'^ , 
M.S. Kayl^os, V.A. Kazanini^^, M.Y. Kazarinov*^^ 
S.L Kazi^e, J.R. Keates82, R. Keeleri^s, R. Kehoe^^, 
M. Keil^4, G.D. Kekelidze^^ M. Kelly*^, J. Kennedy9^ 

C. J. Kenney"3^ M. Kenyon^^^ O. Kepka^^s, 
N. Kerschen^^, B.P. Kersevan'^'', S. Kersten^''"', 
K. Kessokul5^ C. Ketterer4^ M. Khakzad^^, 

F. Khalil-zada^", H. Khandanyan^'^^, A. Khanov"^^ 

D. KharchenkoS^ A. Khodinov"^ A.G. Kholodenko^^s, 

A. Khomich^sa, t.J. Khoo^^, G. Khoriauli^o, 

N. Khovanskiy^^, V. Khovanskiy^^, E. Khramov^^, 
J. Khubua5\ G. Kilvington^^ H. Kim^, M.S. Kim^, 
P.C. Kim"^ S.H. Kiniieo^ N. Kiniurai^", O. Kind^^ 

B. T. King^3^ King'^^ R.S.B. King"*, J. Kirk^^s, 

G. P. Kirschll^ L.E. Kirsch^^, A.E. Kiryunin^^, 

D. Kisiclcwska^'^, T. Kittclmann^^s^ ^ jy[_ Kiver^^s^ 

H. Kiyamura'''', E. Kladiva^^""^, J. Klaiber-Lodewigs'*^, 
M. Klein^3^ U. Klein^-\ K. Kleinknecht^i, M. Klemetti*^ 
A. Klier^^^, A. Klimentov^'', R. Klingenberg^^^ 

E. B. Klinkby35, T. Klioutchnikova^^, P.F. Klok^^^, 
S. Klousl"^ E.-E. Kluge^**^, T. Klugc^^^ P. Kluitl°^ 
S. Kluth99, E. Kneringer62, J. Knobloch29, 
E.B.F.G. Knoops83, A. Knue^^, B.R. Ko^*, 

T. Kobayashiiss^ M. Kobel^a, B. Koblitz29, 
M. Kocian"3^ A. Kocnar"^ P. Kodys^26^ K6neke29, 
A.G. Konigi04^ S. Koenig^i, L. Kopke^i, F. Koetsvcldio^^ 
P. Koevesarki20, T. Koffas29, E. Koffemanlo^ F. Kohn^^, 
Z. Kohouti27^ T Kohriki^e, T. Koi"^, T. Kokott20, 

G. M. Kolacheyio^, H. Kolanoskii^ V. Kolesnikov^s , 

L Koletsou^^^, J. Koll*^ D. Kollar29, M. Kollefrath^s, 

S.D. Kolya*2^ ^.A. Komar^^, J.R. Komaragiri"2, 

T. Kondo^e, T. Kono^i^™, A.I. Kononov^s, 

R. Konoplichi"*^'", N. Konstantinidis^"^, A. Kootzi^'^, 

S. Koperny37, S.V. Kopikovi28, K. Korcyl^^, 

K. Kordasi54, v. Koreshevi28, A. Korn", A. KoroP'"', 

I. Korolkov", E.V. Korolkoval3^ V.A. Korotkovl2^ 
O. Kortner9^ S. Kortner^^, V.V. Kostyukhin20 , 
M.J. Kotamaki29, S. Kotov^^, V.M. Kotov<^^ 

C. Kourkoumelis®, V. Kouskoura^''^, A. Koutsman^"^, 
R. Kowalcwskiif^s, H. Kowalski^i, T.Z. Kowalski^^, 
W. Kozaneckii^fi, A.S. Kozhini28, V. Krali27, 

V.A. Kramarenko^^, G. Kramberger^^ , O. Krasel^2^ 

M.W. Krasny"^*, A. Krasznahorkay^^*, J. Kraus**, 
A. Kreisel^^^^ p Krejci^27^ j Kretzschmar'^^^ 

N. Kriegcr^**, P. Krieger-'^^*, K. Kroeninger^^, 

H. Kroha^^, J. Krolli20^ J. Kroseberg20, J. Krstici2a, 
U. Kruchonak^-\ H. Kriiger2", Z.V. Krumshteyn^^, 
A. Kruth20, T. Kubota^^s, S. Kuehn"*, A. Kugel^s^^, 

T. Kuhli74, D. Kuhn62, V. Kukhtin^s, Y. Kulchitsky^o, 

S. Kuleshov^ib^ c. Kummer»«, M. Kuna^^ N. Kundu"^ 

J. Kunklei20, A. Kupcoi25, H. Kurashige^^, 

M. Kurata^^o, Y.A. Kurochkin^o, V. Kus^^^, 

W. Kuykendalli38, M. Kuze^^^^ R Kuzhir^i, 

O. Kvasnickai25, J. Kvita29, R. Kwee^^, A. La Rosa29, 

L. La Rotonda36'*'36b^ l. Labarga*°, J. Labbe^, 
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S. Lablakl35^ C. Lacasta^^^, p. Lacavai32a,i32b^ 

H. Lackcri'\ D. Lacour^^^ yj^_ Lacuesta^*^^, 

E. Ladygii/'S^ R. Lafaye^, B. Laforge''^, T. Lagouri^o, 

S. Lai^®, E. Laisnc^''', M. Lamanna^^, C.L. Lampen^, 

W. Lampl^, E. Lancon^e^ U. Landgraf'^ 

M.P.J. Landon''^, H. Landsman^^^, J.L. Lane^^, 

C. Lange^i, A.J. Lankfordi^s, p. Lanni^*, K. Lantzsch^^, 

V.V. Lapin^^s,*^ Laplace'^*, C. Lapoire^o, 

J.F. Laporte^^e^ rp Lg^j.j89a^ ^ Larionov 

A. Larner"^, C. Lasseur^^, M. Lassnig^^, W. Lau"^, 
P. Laurelli^'^, A. Lavorato^^^, W. Lavrijsen^*, 

P. Laycock'''^, A.B. Lazarcv*^^, A. Lazzaro^^'^-^^'', 
O. Le Dortz'^^, E. Le Guirriec^^, C. Le Maner^^^, 

E. Le Menedeu^^e, A. Lebedev^*, C. Lebel^^^ 
T. LeCompte^, F. Ledroit-Guillon^s, H. Lee^°^, 
J.S.H. Lee^so, S.C. Lee^^i, L. Lee^"^^, M. Lefehwe^^^, 
M. Legendrei36, A. Lcgcr^^ B.C. LcGoyti^o, 

F. Legger^®, C. Leggett", M. Lehmacher^", 

G. Lehmann Miotto^^, X. Lei^ M.A.L. Leite^^b, 
R. Leitneri26, D. Lcllouchi^i, J. Lellouch7^ 

M. Leltchouk34, V. Lendcrmann^Sa^ K.J.C. Leney^^sb^ 
T. Lenzi^4^ q Lenzen^^^^ B Lcnzii-^^ K. Lconhardt4-\ 
S. Leontsinis^, C. Leroy'^^^ Lessard^^f, J. Lcsscr^^ea^ 

C. G. Lester^'', A. Leung Fook Cheong^^^, J. Lcvcquc'*, 

D. Levin*"^, L.J. Lcvinson^'^^ M.S. Levitski^^s^ 

M. Lewandowska^i, G.H. Lewisl°^ M. Leytoni^, B. Li^a, 

H. Li"2, s. Li32b, X. LF, Z. Liang39, Z. Liangii^'", 

B. Libertii33a^ p Lichard^^, M. Lichtncckcr^^ K. Lic^ss, 
W. Liebig", R. Lifshitz^-^^ J.N. Lilley^^ C. Limbach^o, 
A. Limosanise, M. Limper^^ S.C. Lini^i.P, F. Linde^^s, 
J.T. LinnemannSS, E. Lipeles^^o, L. Lipinsky^^s, 

A. Lipniacka^^, T.M. Liss^^^, D. Lissauer^^, A. Lister^^, 
A.M. Litkei37, c. Liu^^, D. Uu^^^'i, H. Liu«^ J.B. Liu^'', 
M. Liu32b, S. Liu2, Y. Liu32b, M. Livan"^'''"^^^ 
S.S.A. Livermoreiis^ A. Lleres^^ S.L. Lloyd^^ 

E. Lobodzinska^i, P. Loch^, W.S. Lockman^^T^ 

S. Lockwitz^^^, T. Loddcnkocttcr^o, F.K. Locbinger*^^ 
A. Loginov"^, C.W. Loh^^^, T. Lohsei^, K. Lohwasser^s, 
M. Lokajiccki25, J. Lokcn y.P. Lombardo^'^^, 
R.E. Long^i, L. Lopcsl24a'^ D. Lopez Mateos^*''', 
M. Losadai62^ p. Loscutoff", F. Lo Sterzo"2a,i32b^ 

M.J. Lostyis^'^, X. Lou^o, A. Lounis"^ K.F. Loureiro^'^^^ 
J. Love^i, P.A. Love^i, A.J. Lowe"3.e^ F. Lu32'*, L. Lu^^, 



H.J. Lubatti^-^^ C. Luc 



.jl32a,132b 



A. Lucottc'"^^, 



A. Ludwig4'\ D. Ludwig"'^, L Ludwig^^, J. Ludvifig^®, 

F. LuehringSi, G. Luijckxi"^^ D. Lumb**, 

L. Luminari^32a^ g Lund^^^, B. Lund-Jensen^"''^, 

B. Lundberg^^^ J. Lundberg^^a.web^ j Lundquist^s, 
M. Lungwitz^i, A. Lupii22a,i22b^ Q Lutz^s, D. Lynn^^, 
J. Lys^^, E. Lytkcn^^ H. Ma24, L.L. Mai^2^ 

J.A. Macana Goia^"^, G. Maccarronc"''', A. Macchiolo®^, 
B. Macek''^, J. Machado Miguens^^'''', D. Macina"*^, 
R. Mackeprang35, R.J. Madaras^^, W.F. Mader^^ 
R. Maenner^^^ T. Maeno24, P. Mattig^^^^ g. Mattig*\ 
P.J. Magalhaes Martinsi24a,s^ l_ Magnoni29, 
E. Magradze^S Y. Mahalalell5^ K. Mahboubi*^ 

G. Mahout^^ C. Maianii32a432b^ q Maidantchik^^^, 
A. Maioi24a,b^ s. Majewski24, Y. Makida'^^ 

N. Makovecll^ P. Mal^^, Pa. Malecki^^, P. Malecki^^, 



V.P. Maleevi2i, F. Malek^s, U. Mallik^s, D. Malon^, 

S. Maltczos". V. Malyshevi°^ S. Malyukov6^ 

R. Maincgliani^*, J. Mamuzic^^b^ a. Manabe^^, 

L. Mandelli^S'*, I. Mandic^"*^ Mandryschi'\ 

J. Maneirai24a^ p g Mangeard^^ LD. Manjavidze^^^ 

A. Mann^'*, P.M. Manning^^^, 

A. Manousakis-Katsikakis^, B. Mansoulie^^^, A. Manz^^, 

A. Mapelli29, L. Mapelli29, L. March 

J.F. Marchand^^, F. Marchese"3a,i33b^ q Marchiori'^^, 
M. Marcisovskyi25, A. Marin2i>*, CP. Marino<^\ 
F. Marroquim23a, R. Marshall^^^ Z. Marshall^*''', 
F.K. Martc^sl5^ S. Marti-Garcial6^ A.J. Martini7'\ 

B. Martin29, B. Martin^^, F.F. Martini20, J.p. Martin^^, 
Ph. Martin^^, T.A. Martin^'^, B. Martin dit Latour*^, 
M. Martinez^^, V. Martinez Outschoorn^'^, 

A.C. Martyniuk^^, M. Marx^^^ p Marzano^^^*", 

A. Marzin"!, L. MasettiS\ T. Mashimol''^^ 

R. Mashinistov^**, J. Masik^^, A.L. Maslennikov^°^, 

M. Ma6^2^ L Massai^'^'isb^ q Massarol°^ N. Massol*, 

A. Mastroberardino36a.36b^ Masubuchi^'^'^, 

M. Mathes20, P. Matricon"'\ H. Matsumoto^^^, 

H. Matsunagal•■^^ T. Matsushita^^, C. Mattravers"8'^ 

J.M. Maugain29, S.J. Maxfield^^^ D.A. Maximovi°^ 

E. N. MayS, A. Mayne^^s, R. Mazinii^i, M. Mazur^o, 
M. Mazzanti**^^, E. Mazzonii22a,i22b^ g j^j^ Kcc^^ , 
A. McCarni65, r.l. McCarthy"^^ t.G. McCarthv28, 
N.A. McCubbini29, K.W. McFarlane5^ 

J.A. Mcfaydcni39^ H. McGlonc^^^ q Aichcdhdzc^i, 
R.A. McLaren^s, T. Mclaughlan^^ S.J. McMahon^^f, 
R.A. McPhersoni69'% A. Meade^"*, J. Mcchnichlo^ 
M. Mechtcli'^4, M. Medinnis''\ R. Meera-Lebbai"\ 
T. Meguro"^ R. Mehdiyev^^^ S. Mehlhase^^, 
A. Mehta^3^ Mcicr^**^, J. Meinhardf^ , B. Meirose™, 

C. Melachrinos^o, B.R. McUado Garcia^'^^, 

L. Mendoza Navasi62^ z. Mengi^i'?, A. Mengarelli^^'^'i^b^ 
S. Menkens, C. Menot29, E. Meoni", K.M. Mercurio^^, 
P. Mormod"^^ L. Merolai02a,i02b^ (j_ Meroni^s^, 

F. S. Mcrritt^o, A. Messina29, J. Mctcalfci^^^ 

A.S. Mctc64, S. Meuser20, C. Meyer^^, J-P. Meyeri^e, 
J. Meycri^-\ J. Meyer'^", T.C. Meyer^^, W.T. Meyer^^^, 
J. Miao32d^ S. Michal29, L. Micu25% R.P. Middlctoni29, 
P. Miele2^ S. Migas'^^^ l_ Mijovic"*!, G. Mikenbergi^i, 
M. Mikestikovai25, B. Mikulec*^, M. Mikuz^*, 

D. W. Mincr"3^ R.J, Millcr^^ W.J. MiUsi^s^ C. MiUs^^, 
A. Miloyi^i, D.A. Milstcadi46a,i46b^ Milstcini^\ 
A.A. Minacnkoi28^ Mihano^'^'^, LA. MinashviH'5^ 
A.L Mincer^os^ B. Mindur^^, M. Mineev^^^^ Y. Mingi^o, 
L.M. Mir", G. Mirabellii32a^ l Miralles Verge", 

A. Misicjuk'^^, J. Mitrcvskii^^^ Q.Y. Mitrofanov^^^, 

V.A. Mitsou^'^^ S. Mitsui'^^ P.S. Miyagawa82, 

K. Miyazaki^^ J.U. Mjornniark^^^ r^' j^/^^^uea.web^ 

P. Mocketti38, S. Moed^^ V. Moeller27, K. Monig^i, 

N. Moser^o, S. Mohapatra"^ B. Mohn^s, W. Mohr-^s^ 

S. Mohrdicck-M5ck99, A.M. Moissccvi28'*, 

R. Moles- Vallsi*57^ j_ Molina-Perez29, L. Moneta■*^ 

J. Monk^^, E. Monnier^^^ S. Montesano^^^'^^b^ 

F. MonticcUi™, S. Monzanii^a.isb^ r w. Moorc2, 

G. F. Moorhead^'5, C. Mora Herrera''^, A. Moraes^^, 
A. Moraisi24a,b^ jv^ Morange^^e^ q Morello^^'^''^*^''^ 
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D. Moreno^\ M. Moreno Llacer^''^, P. Morettini^"''^. 
M. Morii", J. Morin^s^ Y. Morita6^ A.K. Morley^^ 

G. Mornacchi^s, M-C. Morone^^, S.V. Morozov^^, 
J.D. Morris''^ H.G. Moscr^^, M. Mosidzc^i, J. Mossl°^ 
R. Mount"^, E. Mountricha^, S.V. Mouraviev^*, 

E. J.W. Moyse^^, M. Mudrinici^b, p. Mueller^^*, 
J. Muelleri23, K. Mueller^o, T.A. Miiller^^, 

D. Muenstermann^^, A. Muijs^o^, A. Muir^^^, 
Y. Munwes^^^, K. Murakami^'^ , W.J. Murray^^^, 
I. Musschelo^ E. Musto^02a,i02b^ j^ q Myagkovi28, 
M. Myska^^s^ j Nadal^S K. Nagai^^^o, K. Nagano6^ 
Y. Nagasaka^", A.M. Nairz^^, Y. Nakahama^^^, 
K. Nakamural^^ L Nakano"°, G. Nanava^o, 
A. Napieriei, M. Nash7^■^ N.R. National, 
T. Nattermann^o, T. Naumann^\ G. Navarroi'^^ 

H. A. Neal^^ E. Nebot^^, RYu. Nechaeva^^, 

A. Negri"'''-''"'''", G. Negri^s, S. Nektarijevic^^, 
A. Nelson'34, S. Nelson^''^^ T.K. Nelson"3, 
S. Nemecek^25^ p Nemethy^"*, A. A. Nepomuceno^^*, 
M. Nessi29'*, S.Y. Nesteroyi^i, M.S. Neubauer^^s, 

A. Neusiedl^i, R.M. Neves^^^, P. Nevski^^, 

P.R. Newman^^, R.B. Nickerson"*, R. Nicolaidou^^^, 

L. Nicolas^^^, B. Nicquevert^^, F. Niedercorn"^, 

J. Nielseni37, t. Niinikoski^s, A. Nikiforovl^ 

V. Nikolaenkoi28, K. Nikolaev^s, I. Nikolic- Audit 

K. Nikolopoulos24, H. Nilsen^s, P. Nilsson^, 

Y. Ninomiya A. Nisati^^^"*, T. Nishiyama'^'^, 

R. Nisius^^, L. Nodulman'^, M. Nomachi"*^, 

I. Nomidis^^"*, H. Nomotol^^ M. Nordberg^^, 

B. Nordkvisti'*^'''!'*^'', P.R. Nortoni^s^ j. Novakova^^^, 
M. Nozaki^s^ Nozicka'^\ L. Nozka"^, 

I.M. Nugent^'^''''', A.-E. Nuncio-Quiroz^o, 

G. Nunes Hanningcr^°, T. Nunnemann^^ , E. Nurse'"^, 
T. Nyman^o, B.J. O'Brien^s, S.W. O'Neale^^'*, 
D.C. 0'Neili42^ V. 0'Shea53. E.G. Oakham^s.'*. 

H. Oberlack^^ J. Ocariz^^ 

c 1.^66 T /^j; — 83 xj 



U'Brien"'^, a.W. U'lNeale"' 
V. 0'Shea53, E.G. Oakham^s.'*, 
... w..^..c..xv , Ocariz^s, A. OchiS^, S. Oda^ss 
S. Odaka^e, J. Qdie-S^ - ^ «i . ^, . . 



S. Odaka««, J. Odier«3, H. Ogrcn^i, A. Oh^^, S.H. Oh^^, 
G.C. Ohmi46a,i46b^ Ohshimai"!, H. Ohshitai ^ 
T.K. Ohska'^s^ T. Ohsugi^^ S. Okada^^, H. Oka 
Y. Okumura^°\ T. Okuyamal^^ M. 01cese^°*, 
A.G. Olchevskif^s^ M. 01iveirai24a,g^ 



A.G. Olchevskif^s^ M. 01iveirai24a,g^ 
D. Oliveira Damazio^"*, E. Oliver Garcia^®^, 
D. 01ivitoi2", A. Olszewski^^, J. Olszowska^^, 
C. Oniachi*^^ A. Onofrci24a,«^ P.U.E. Onyisi^o, 
C.J. Oranii-^'''\ M.J. Oreglia''^", F. Orellana''^, 
Y. Oreni53^ D. Orestanoi34a,i34b^ j Orlov^o^ 

G. Oropeza Barrera^^^ R.S. Orr^ss, E.O. Ort 



34a 
49, w 



G. Oropeza Barrera^^^ g Orr^ss, E.O. Ortega^^o, D.M. Rebuzzi"^^'"^'', A. Redelbachi 

B. Osculati^o^'^ob, R. Ospanov^^o^ q Osuna", R. Reece^^o, K. Reeves^o, A. Reicholc 

G. Otero y Garzon^^^, J.P Ottersbachi"'\ M. Ouchrif^^^<^ , E. Reinherz-Aronis^'", A. Reinsch"^, 

F. Ould-Saada"^ A. Ouraoul^*^, Q. Ouyang^^a. n_ Reliiri2a Rembser29_ 7, T. Vtou^ 

M. O " " --'^ " 



^18a 



U. Parzefall"**, E. Pasqualucci^^^*", A. Passcri^' 
F. Pastorei34a,i34b^ p^.. Pastore^^, G. Pasztor ' 
S. Pataraia^^^^ N. Patel^^^, J.R. Pater^^^ 

S. Patriccllil"2a,102b^ rj, pauly29^ ^/j PcCSyl44a^ 

M.I. Pedraza Morales^'^^, S.V. Peleganchuk^o'^, 

H. Pengi''^ R. Pengo^^, A. Penson^'', J. Penwell^i, 

M. Perantoni23a^ K. Perez^"''', T. Perez Gavalcanti^\ 

E. Perez Codina", M.T. Perez Garci'a-Estafii^'^, 

V. Perez Reale^^, I. Peric^o, L. Perini89a.89b^ 

H. Pernegger^^, R. Perrino^^*, P. Perrodo^, 

S. Persembe^*, V.D. Peshekhonov^^ O. Peters^o^, 

B. A. Petersen29, J. Peterscn^^, T.G. Petersen^^, 

E. Petit^^^ A. Petridisi54^ ^ Petridou^^^, E. Petroloi32a^ 

F. Petruccii34a.i34b^ Petschull4i, M. Pettenii^^^ 
R. Pezoa^i'^, A. Phan^^^ A.W. PhiUips^^ 

P.W. Phillipsi29, G. Piacquadio29, E. Piccaro^^^ 
M. Piccininii9^'i9^, A. Pickford'^^^ g_M. Piec^i, 
R. Piegaia2^ J.E. Pilcher^o, A.D. PilkingtonS^ 
J. Pinai24a,6^ M Pinamonti^s^'^'i^^^ A. Pinder"*, 
J.L. Pinfold^, J. Ping32<=, B. Pintoi24a:f'^ q. Pirotte^^, 

C. Pizio^^'^'S^'', R. Placakyte^'i, M. Plamondoni^^, 
W.G. Plano^^ M.-A. Pleier24, A.V. Pleskach^^s, 
A. Poblaguev24, S. Poddar^s^^, F. Podlyski^a, 

L. Poggioli"^, T. Poghosyan^o, M. Pohl*^, F. Polci^^, 

G. Polesello"''^, A. Policicehioi'^^ A. Polinii'''\ J. PolF^ 
V. Polychronakos^^ , D.M. Pomarede^"^^, D. Pomeroy^'^, 
K. Pommes^^, L. Pontecorvo^^^'^, E.G. Pope^^, 

G.A. Popeneciu^^'^, D.S. Popovic^^'*, A. Poppleton^^, 
X. Portell Bueso'*^ R. Porter^^^^^ C. Posch^i, 
G.E. PospeW^, S. Pospisili27, l.N. Potrap^^ 

C. J. Potter"9, C.T. Potter"^, q. Poulard29, 

J. Povedal^^ R. Prabhu^^, P. Pralavorio^^, S. Prasad^^, 
R. Pravahan^ S. Prell64, K. Pretzl^^ L. Pribyl29, 

D. Price'^\ L.E. Price^ M.J. Price29, P.M. Prichard^^^ 

D. Prieuri23, M. Primavera'^^'*, K. Prokofiev^°^ , 

F. Prokoshin^^*', S. Protopopcscu^"*, J. Proudfoot^, 
X. Prudenf*"^, H. Przysiezniak4, S. Psoroulas^", 

E. Ptacek"4^ j. Purdham^^ M. Purohit24.", P. Puzo"^, 
Y. Pylypchenko"^ J. Qian^^, Z. Qian^^, Z. Qin^i, 

A. Quadt^*, D.R. Quarrie", W.B. Quayle^^^^ 

F. Quinonez^i'^, M. Raasi"^^ V. Radescu^^b, B. Radics^o, 
T. Radorisa, p. Ragusa89'''89b q pahall^^ 

A.M. Rahimiio", D. Rahm24, S. Rajagopalan24, 
M. Rammensce''^ M. Rammes"\ M. Ramstcdti4fia.i46b^ 
K. Randrianarivony^^, P.N. Ratoff'^\ F. Rauseher"^, 
E. Rauter^^ M. Raymond29, A.L. Read"^ 

D. M. Rebuzzi"9^'"9'', A. Redelbachi^^^ G. Redlinger24, 
R. Reece^^o, K. Reeves^o, A. Reicholdi°5, 

E. Reinherz-Aronis"'^'''^, A. Reinsch-'^-'^^, I. Reisinger^^, 
D. Reljici2a^ c. Rembser29, Z.L. Reni^i, A. Renaud"^ 

n n u35 n ,r n ,,,...: 13" 



iVi. Uwen^^ S. Owcn^-'^^ O.K. 0yc^^, V.E. Ozcan , 
N. Ozturk'^, A. Pacheco Pages", C. Padilla Aranda", 

E. Paganis^^^, F. Paige^''^, K. Pajchel^^'', S. Palestini^®, n. n,ezvam---, a. nicnarus ', jx. ivicnter--, 

D. Pallin33, A. Palmai24a,b^ j.D. Palmer^^ Y.B. Pan^''^ E. Richter-Was^^'^, M. Ridcl^^ S. Rieke^i, 

E. PanagiotopouW, B. Panes^i'^, N. PanikashviliS^, M. Rijpstral°^ M. Rijssenbeek^s, A. Rimoldi"^^'"^'', 
S. Panitkin24, D. Pantea^^^, M. Panuskova^^s^ L Rinaldi^^a^ Rios^^, I. Riu", G. Rivoltella^S'*'^^' 
V. Paolonei23^ ^ Paoloni"3a,i33b^ ^ Papadelis^^^^ F. Rizatdinova"^ E. Rizvi'^^ S.H. Robertson^^'', 

T^l, n„„„j 1 — 9 A 



u. xvcijic , v^. rtemusc- , 

P. Renkel^^ B. Rensch^^, M. Rescigno^^^ ^ 
S. Resconi89a, B. Resende^^e^ p_ Reznicek9^ 
R. Rezvani^^®, A. Richards'^'^, R. Richter^^, 

"P. 'Ri^V,+o,-_AS^oo38,a; i\,/r r);j„l78 c r;„1,„81 



V. Paolonei23^ ^ Paoloni"'3'*'i33b^ ^ Papadelis^^a^ 
Th.D. Papadopoulou^, A. Paramonov^, W. Park^4,"^ 
M.A. Parker27, F. Parodi^^'^'^o'', J.A. Parsons^^, 



^. .....a..^. , ...... ...... , .. ..... , v.. RivoltellaS9a,89'b^ 

F. Rizatdinova"^ E. Rizvi'^^ S.H. Robertson^^'', 
A. Robichaud-Veronneau'*^, D. Robinson^'', 
J.E.M. Robinson'^'^, M. Robinson"*, A. Robson^^, 
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J.G. Rocha do Limai"«, C. Rodai22aa22b^ 

D. Roda Dos Santos^^, S. Rodier^o, D. Rodriguez^^^ 

Y. Rodriguez Garcial^ A. Roe^^, S. Roe^", O. R0hne^^'^, 

V. Rojoi, S. Rolliisi, A. Romaniouk^^ 

V.M. Romanov^^, G. Romeo^^, D. Romero Maltrana^^*^, 

L. Roos^s^ E. Rosi67, S. Rosatii32a,i32b^ M. Rose^e^ 

G.A. Rosenbaum^ss^ E j Rosenberg^"^, RL. Rosendahl^^, 

L. Rosselet^s, V. Rossetti", E. Rossii°2a,io2b^ 

L.R Rossi^"'', L. Rossi^^'^'^^'^, M. Rotaru25% I. Roth^^i, 

J. Rothbergi38, D. Rousseau"^, C.R. Royoni^e, 

A. Rozanov^^^ Y. Rozeni52, x. Ru&n^^^, I. Rubinskiy^i, 

B. Ruckcrt"*, N. Ruckstuhll"^ V.I. Rud^^ 

G. Rudolph62, F. Riihr^, F. Ruggierii34a,i34b^ 

A. Ruiz-Martinez^'*, E. Rulikowska-Zarcbska''^, 

V. Rumiantsev^*'*, L. Rumyantsev^^, K. Runge^^, 
O. Runolfsson^o, Z. Rurikova^^, N.A. Rusakovich^s, 
D.R. Rust'^i, J.R Rutherfoord^, C. Ruwicdoli'', 
P. Ruzicka^^s, Y.F. Ryabov^^i, V. Ryadovikov^^s^ 
P. Ryan^*, M. Rybar^^e, G. Rybkin"^ N.C. Ryder"^ 
S. Rzacvaio, A.F. Saavedrai^o, I. Sadeh^^a, 

H. F-W. Sadrozinskii37^ r. Sadykov^^, 

F. Safai Tchranii-'*2a,i32b^ fj_ Sakamotoi^'\ 

G. Salamannai"^^ A. Salamon^^a^ m. Saleem^", 
D. Salihagic"^, A. Salnikoyi^^^ J. Salt^^^, 

B. M. Salvachua Fcrrando^, D. Salvatorc^^^'-'^''^, 

F. Salvatore*'*^, A. Salzburgcr^'^, D. Sampsonidis*^^, 

B. H. Sa^lsetll^ H. Sandakcri^, H.G. Sander^i, 
M.P. Sandcrs^s, M. Sandhoffi^^^ p Sandhul5^ 
T. SandovaP^, R. Sa^dstrocml°^ S. Sandvossi^'', 

D. P.C. Sankey^^^, A. Sansoni'''', C. Santaniarina Rios^"'', 

C. Santonins, R. Santonicoi33a,i33b^ jj. Santosi^*^^ 
J.G. Saraivai24a,6, t. Sarangi^^^^ 

E. Sarkisyan-Grinbaum'', F. Sarri^^^^'^^^'', 

G. Sartisohni74, O. Sasaki^e, T. Sasaki^e, N. Sasao6^ 

I. Satsounkcvitch^'^, G. Sauvage*, J.B. Sauvan*^^, 

P. Savardiss.d^ y. Savinovi23, D.O. Savu^^, P. Savva ^, 
L. Sawyer24j\ D.H. Saxon^^^ L.R Says^^, 

C. Sbarra^S'^'i^'', A. Sbrizzi^^'^'is'^, O. Scallon^^, 

D. A. Scannicchioi'^3^ J. Schaarschmidt"^, P. Schacht^^, 
U. Schafer^i, S. Schaepc^", S. Schaetzel^^'^, 

A.C. Schaffcr^s^ D. Schailc^^, R.D. Schambcrgcr"8, 
A.G. Schamoyio^ V. Scharf58% V.A. Schegelsky^^i, 
D. Scheirich^^, M.I. Scherzer^^, C. Schiavi^o^'^o^, 
J. Schieck^s, M. Schioppa-''6a,36b^ g Schlcnkcr^s, 
J.L. Schlcrcth'\ E. Schmidt^s, M.P. Schmidti^-^-*, 
K. Schmieden^", C. Schniitt*\ M. Schmitz^", 
A. SchoningSSb, m. Schott^^, D. Schouten"2, 
J. Schovancova^^^, M. Schram^^, C. Schroeder^\ 
N. Schrocr^^^ S. Schuh^^, G. Schuler^^, J. Schultes^^^, 

H. -C. Schultz-Coulon^*^, H. Schulzl^ 

J.W. Schumachcr^o, M. Schumacher4^ B.A. Schummi^'', 
Ph. Schune*^^, C. Schwanenberger®^, 
A. Schwartzman*^^, Ph. Schwemling^* , 
R. Schwicnhorst'^^, R. Schvi'icrz*'^, J. Schwindling^'^^, 
W.G. Scotti29, J. Searcyi", E. Sedykh^^i, E. Segurai\ 
S.C. Seidel^o^, A. Seiden^^^, p. Seifert^^^ J.M. Seixas^^^ 
G. Sckhniaidzci"2a^ D.M. Sclivcrstoyi^i, B. Selldeni^^a^ 
G. Sellers^^^ M. Seniani44b^ Semprini-Cesarii^a.isb^ 
C. Serfon^s L. Senn^^^, R. Seuster^^, H. Severiniii\ 



M.E. SeviorSe, A. Sfyrla^^, E. Shabalina^'' , 

M. Shamim"4, L.Y. Shan32a, J.T. Shank^^, Q.T. Shao^^^ 

M. Shapiroi4, P.B. Shatalov^^, L. Shaver^, C. Shawns, 

K. Shawi64a,i64c^ o Shermani^s^ P. Shcrwood^^ 

A. Shibatai"^^ S. Shimizu^^, M. Shimojimaioo, T. Shin^e, 

A. Shmclcva94, j^/j Shochet^", D. Short"^ 

M.A. Shupe^, P. Sichoi25^ A. Sidoti"2a,i32b^ 

A. Siebel^^"^ p sicgort^s, J. Siegrist", Dj. Sijackii^a, 
O. Silbert*''!, J. Silvai24a,b^ y. Silveri^s, 

D. Silverstein"3, s.B. Silversteini^^a^ y Simak^^T^ 

0. Simard^^e^ lj Simic^^a, s. Simioniis, B. Simmons^^ 
M. Simonyan^^, P. Sincrvo^^**, N.B. Sinev^", 

V. Sipicai^i, G. Siragusa^*, A.N. Sisakyan^s, 

S.Yu. Sivoklokov^^ J. Sjolin"6a,i46b^ p p Sjursen^^, 

L.A. Skinnari", K. Skovpenio^ P. Skubic"\ 

N. Skvorodnev22, M. Slater^^ T. Slaviceki27, 

K. Sliwaiei, T.J. Sloan^i, J. Slopcr^^, V. Smakhtini^i , 

S.Yu. Smirnov^^, L.N. Smirnova^^, O. Smirnova^^, 

B. C. Smith^^, D. Smith^^^^ K.M. SmithS^, 

M. Smizanska''-^ , K. Smolck-^^'^, A. A. Sncsarcv^'*, 
S.W. Snow82, j_ Snow"i, J. Snuverinki"'\ S. Snyder^^, 
M. Soarcsi24a^ r. Sobiei^s^*, J. Sodomka^^?^ a. Soffcri^^^ 

C. A. Solansif^^ M. Solari27, j. Solc^^^, E. Soldatov^^^ 
U. Soldevila^s^, E. Solfaroli Camilloccii32a,i32b^ 

A.A. Solodkov^^^, O.V. Solovyanov^^^, J. Sondcrickcr^'*, 
N. Soni2. V. Sopkoi27. B. Sopko^^^, M. Sorbi*^^'*^^'^, 
M. Soscbcc', A. Soukharev^o^ S. Spagnolo^2a,72b^ 

F. Span634, R. Spighil9^ G. Spigo^^, F. Spilai32a,i32b^ 

E. Spiritii34a^ R. Spiwoks29, M. Spousta^^e, 

T. Sprcitzcr^^s, B. Spurlock^ R.D. St. Dcnis^^, 

T. StahP^i, J. Stahlmani20, R. Stamen^s^, 

E. Stanecka^s, R.W. Stanek^, C. Stanescui34a^ 

S. Stapnes"^ E.A. Starchenkoi^s, J. Stark^s, 

P. Starobai25^ p_ starovoitov^i, A. Staude^^, 

P. Stavina"*"*, G. Stavropoulos", G. Steele^^, 

P. Steinbach43, P. Steinberg24, I. Stekli27^ B. Stelzer"^ 

H. J. Stelzer^i, O. Stelzer-Chiltoni^Sa^ p. Stenzel^^^ 
K. Stevenson7^ G.A. Stewart^^^ J.A. StilUngs^o, 
T. Stockmanns^o, M.C. Stockton^^, K. Stoerig^^, 

G. Stoicea^^^, S. Stonjek9^ P. Strachota^^e^ 
A.R. Stradling'', A. Stracssncr'*'^ , J. Strandbcrg*^, 

S. Strandbergi46a,i46b^ StrandUe"^ M. Strangles, 
E. Strauss"^^ M. Strauss^^i, P. Strizenec"4b^ 
R. Str6hmcri^-\ D.M. Strom"", J.A. Strong^",*^ 
R. Stroynowski^s, J. Strubc^^s, B. Stugu^^, 

1. Stumor24^*, J. Stupak"8, p. Sturm^^"^ p a_ Sohi^i'", 

D. Su"3, HS. Subramania^, A. Succurro", 

Y. Sugaya^is, T. Sugimoto^oi, C. Suhr^oe, K. Suita^^, 
M. Suki26, V.V. Sulin^4^ g. Sultansoy^^, T. Sumida^^, 
X. Sun^s, J.E. Simdcrmann48, K. Surulizi64a,i64b^ 
S. Sushkov", G. Susinno-''6a,36b^ j^pp_ Sutton"9, 
Y. Suzuki^e, Yu.M. Sviridoyi^s, S. Swedish^es, 

I. Sykorai'^^a^ -p Sykora^^e, B. Szeless^^, J. Sanchezi67, 
D. Tai"-\ K. Tackmann29, A. Taffardi*^^ R. Tafirouti^^a^ 
A. Taga"^ N. Taiblumi^s, y. Takahashiioi, H. Takai24, 
R. Takashima^^ H. Takeda^^, T. Takeshita^o, 

M. Talby83, A. Talyshev^o^ M.C. Tamsett24, 

J. Tanakai55, R. Tanaka"^, S. Tanaka^^i, S. Tanaka'^^ 

Y. Tanakai°°, K. Tani^^, N. Tannoury^^^ 
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G.P. Tappern29, S. Tapprogge*\ D. Tardifi^^, 

S. Taremi52^ F. Tarrade^", G.F. Tartarelli^S'^, P. Tas^^e, 

M. Tasevskyi25^ E. Tassi^^^'^'^'', M. Tatarkhanov^^, 

C. Taylor^', F.E. Taylor92, G.N. Taylor^^ W. Taylori^Sb^ 
M. Teixeira Dias Castanheira^^, P. Tcixeira-Dias^^, 
K.K. Temming^s^ jj j.^^ Kate^^, P.K. Tengi^i, 

S. Terada^e, K. Terashi^^s^ J. Tcrron^", M. Terworf*^ '™ , 
M. Testa^^, R.J. Teuscheri^s,*^ C.M. Tevlin82, 
J. Thadomei^"*, J. Therhaag^o, T. Theveneaux-Pelzer'^^ , 
M. Thioyei^s^ S. Thoma^^^ J.P. Thomasi^ 

E. N. Thompson^^, P.D. Thompson^'^, P.D. Thompson^^*, 
A.S. Thompson^^^ ^ Thomsoni^o^ M. Thomson^'^, 

R.P. Thun^^, T. Tici25, V.O. Tikhomirov^^ , 

Y.A. Tikhonov^o^ C.J.W.P. Timmermansi"'', 
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